The problem of burns and scalds in children has been materially altered during the past five or six years by the fact that human plasma and serum have become available for treatment. This means not only that many lives can now be saved which previously were lost, but also that new problem, arise from the survival of children with serious and extensive lesions. In short, resuscitation has so advanced beyond other aspects of therapy that it is possible to keep alive for several weeks or months children who stand little chance of ultimate recovery. The assessment of this chance of recovery and the decision that must be taken at the very beginning as to whether or not resuscitation should be attempted, is often very difficult. It appears that, with only ordinary hospital facilities availabld, cases with lesions affecting more than 40 per cent. of the body surface do not survive beyond a few weeks; with specially equipped units this could almost certainly be improved upon (Bourdillon and Colebrook, 1946) . On the other hand, small children can die from fluid loss when the local lesion is neither deep nor extensive, and in this type of case plasma therapy has altered the outlook completely. There is no need now for any child over the age of one year to die from a lesion involving less than 30 per cent. of the body surface.
The following study was undertaken in the hope of obtaining a better understanding of the problems that arise during the routine hospital treatment of burned and scalded children, and to determine the most reliable criteria for its guidance.
Case Material
Between June, 1943 and-March, 1946 a series of thirty-one cases of accidental burns (seventeen cases) and scalds (fourteen cases) were studied by close clinical observation and by simple haematological and biochemical investigations. Table 1 shows age and sex, time of admission to hospital after injury, the nature, extent, and degree of the injuries, and the ultimate outcome in death or recovery.
The injuries occurred in the home except in two cases, that of a girl burned in a bonfire and that of a boy whose clothes caught fire while he was climbing an electric pylon. In sixteen cases the burns were caused by.clothing catching fire. A detailed social enquiry was not made, but it was evident that absence of fireguards'and lack of space where children can play away from the kitchen hearth were important causal factors, particularly in cold weather. This aspect of the problem has been stressed recently by Colebrook (1946) . Nearly all the scalds (twelve out of fourteen) occurred in children under five years, and nearly all the burns (fourteen out of seventeen) in children over five years.
These cases form a selected group in that they all required admission to hospital and showed constitutional disturbance of varying degree, Their ages ranged from one to ten years; half were under five and one-third under three years. The data here considered are more complete for the older than for the younger children as the latter are difficult to study because of lack of co-operation and difficulties of venepuncture. They are, however, liable to severe constitutional disturbance without either very extensive or very deep lesions, and in them prompt and energetic treatment is most important and most rewarding.
The injuries. In estimating the extent of the injuries, the following division of body surface was used:
Head and neck 15 per cent. Both arms and shoulders 15 per cent. Trunk (to groin level) 40 per cent. Both legs and thighs 30 per cent. In most cases photographs or diagrams were made so that the initial estimate of the extent of the lesions could be checked by later observation.
The lesions are classified according to Dupuytren's seven degrees. This may appear to result in unnecessary subdivision, but it is of value for the prognosis of the lesions and also there is a significant 'relationship between the subdivisions and the constitutional disturbance. No discrimination is made between burns and scalds, as their difference is one of degree only; in very young children complete skin loss may be caused by boiling water. The following is the classification: First degree. Erythema, which clears up in two to three days with no more than a scaling of the Third degree. The cuticle is loose and torn or absent; fluid oozes freely from the exposed red area. No white or yellow patches are visible initially, but after several days the lesion comes to have an appearance simulating the strawberry tongue of scarlet fever. There is a thin whitish slough of dead epithelial cells through which the red tops of the exposed vascular dermal papillae'are seen. In many areas the whole thickness of the epithelium has been killed, though multiple small islands of it persist between the dermal papillae and around hair follicles and sweat glands. The epithelium, in the absence of infection, will proliferate from these islands and cover the neighbouring areas so that complete healing can occur without grafting. This process takes from three to six weeks. It leaves a rather irregular epithelial surface but no contractures; movement is good.
Fourth degree. There is death of all the epithelium and of more or less of the dermis. Such lesions can be recognized initially by the presence of a white area insensitive to pin prick and from which no oozing occurs. They are surrounded by red oozing areas. Though oozing does not occur from the ischaemic coagulated areas, much fluid exudes from the vessels of the less damaged tissues beneath. Thus, swelling is usually great and the white dry coagulated patch is raised well above the surrounding skin. Sloughing follows, and, depending upon the depth and area of the dead tissue, the time taken for separation is between three and six weeks. It is to be remembered that the presence of a 'purulent ' Robinow and others (1939) ' using an intra-arterial manometer. The diastolic level is S to 10 mm. higher than that given by these writers. In the burned and scalded children, estimates of blood pressure and pulse rate were regarded as significant only when they could be obtained with the child quiet and co-operative; only such readings are included here. In many cases, the blood pressure could not be reliably estimated after the first week or ten days owing to the child's fear of being handled at this stage and consequent crying and struggling.
BLOOD EXAMINATION, ETC. Examination of the blood provides data for estimating the fluid lost from the circulation. Where possible, venous blood samples (heparinized) were taken on admission, six or seven times in the course of the next forty-eight hours, and then daily or every other day for one or more weeks. Such frequent sampling was not always possible since about h'alf the children were under four years of age. Samples were taken for preference from an arm vein, but often the arms were burned. The external jugular vein was frequently used, and less often the internal saphenous vein at the ankle. A drawback of the saphenous vein is that in the presence of even a slight degree of vasoconstriction it yields only very small amounts of blood. The site of sampling was in-part determined by the distribution of the burns. Because of the risk of introducing infection it was felt unjustifiable to uncover a burned area for the sake of obtaihing a blood sample when the information to be derived from this was not essential for treatment.
In the first part of the series red cell counts and haemoglobin and haematocrit estimations were compared; it soon became evident that the red cell counts were unreliable (i.e. they did not follow the curves of the other two) and they were discarded in the later cases. Haemoglobin seemed reliable when done under uniform conditions (i.e. by the' same person using a constant source of light) but some degree of hypochromic anaemia is so common among the children in an industrial area that the significance of a level of, say 90 per cent. (13.6 g.) is difficult to assess. The haematocrit value, on the other hand, tends to be much more constant in the child population. It also has the advantage of easy technique, giving a quick and accurate result in a ward laboratory, which is essential when dealing with an acutely ill child in the middle of the night. (The normal values for all three at different ages  were taken from the table compiled Wilson et al. (1938) , and also some of the features characterizing their 'early toxaemia '; as no tannic acid dressings were used in this series the symptoms which they describe associated with liver necrosis were not seen.)
Fluid Loss and Blood Concentration The phase of fluid loss and concentration of the blood was studied in detail. It (1) rising pulse rate; (2) thirst; (3) coolness of the nose and extremities and mild restlessness; (4) pallor, coldness, and cyanosis of the extremities with narrowing of the pulse, commencing drowsiness, and vomiting; (5) marked restlessness with mental confusion and falling blood pressure; (6) air hunger; (7) loss of consciousness; (8) complete circulatory failure and death. The later stages were seen only in unresuscitated cases, but from these it appears that death can occur within an hour of the onset of marked restlessness and mental confusioti (case 15, M. S.). In small children convulsions may appear at about stage (5) or (6).
Pulse rate. This appeared to be of little value in assessing the severity of the illness during the first forty-eight hours. A steady rise or a steady fall is probably significant of deterioration or improvement, but many children showed gross and irregular fluctuations which bore no obvious relationship to the course of their illness. The rate appeared to be affected by plasma reactions, temperature variations, restlessness, and anaesthesia, as well as by changes in blood concentration.
The width of the peripheral pulse and the ease with which it was felt were of much greater value. As plasma volume decreased the pulse became steadily more difficult to feel until it was impalpable.
The ease with which the blood pressure could be measured by the auscultatory method followed closely the width of the pulse. In the later part of the first forty-eight hour period, and after anaesthesia, haemoconcentration was not always accompanied by peripheral vasoconstriction, however, and the fullness of the pulse was then deceptive in judging the patient's condition. Table 3 shows the highest level reached in each case and the initial level (usually before intravenous therapy). As the children were at this time quite co-operative and often sleeping, it does not seem as though this hypertension could be attributed solely or even mainly to emotional causes. The whole question of hypertension will be discussed more fully later. Even in severe reduction of plasma volume the diastolic pressure could remain above normal, though the systolic had fallen below normal; the narrowing of the pulse pressure in this way may be as significant as a general fall in tension (fig. 9, J. P.).
The mental state. This followed a very characteristic pattern and was related to the injury rather than to the individual personalities of the children. During the first few hours after burning they showed a striking composure and absence of anxiety; they were alert, co-operative, quiet, and appeared to have little or no pain. They allowed themselves to be examined and pricked with little protest. They usually had no complaints but asked repeatedly for drinks. Their behaviour was in marked contrast to the often hysterical state of their parents.
As the picture advanced and vasoconstriction appeared, they often shivered and complained of the cold although the room was quite warm, and asked incessantly for drinks. If they vomited they appeared unconcerned and asked immediately for another drink. About this stage they tended to become drowsy and to sleep if left alone, but very lightly, and were readily disturbed. Restlessness then appeared and was of a characteristically spasmodic type; it took the form of sudden, heaving movements of limbs and body, .struggling against restraint, shouting out, throwing off the bedclothes, etc. The spasms passed off as suddenly as they came on and the child was asleep and limp in a few seconds. Drowsiness and mental confusion accompanied the restlessness.
That restlessness of this type was a manifestation of reduced plasma volume was shown by its rapid and striking relief by efficient intravenous therapy. It is a danger signal of the first order and must never be disregarded. Sedatives given at this stage (notably morphine) may mask the gravity of the situation with adverse effects; moreover they are rarely necessary once the fluid loss has been relieved. Smaller children, and usually those less severely injured, were sometimes fretful and resistant to handling in the early stages because of separation from their mothers, but the restlessness was unaccompanied by the other signs of plasma-loss and was not spasmodic in character.
Comparison of haematocrit levels. Comparison of the haematocrit levels with the clinical findings described above showed that the haematocrit was a more sensitive index of fluid loss and was considerably raised before clinical illness was obvious. As shown in Eight hours after the accident she was making restless movements of her arms and legs, though still sleeping, and she sighed deeply if disturbed. Her cheeks and lips were slightly cyanosed but her nose was warm. Pulse, respirations, and blood pressure were unchanged. Two and a half hours later she was lying asleep. Breathing was deep and sighing. The nose and exposed arm and hand were cold, and the lips and cheeks were cyanosed. The pulse was impalpable at the wrist, and the blood pressure uncertain because of the faintness of the sounds. The tongue was dry. The pupils were widely dilated but reacted to light. She awoke and appeared dazed, but spoke rationally. During the next thirty minutes she began to turn restlessly in her sleep and to throw off the bedclothes.
Eleven hours after the accident, after a drink of glucose, she vomited coffee-ground material; this was red at first but turned dark brown later and gave a positive Guaiac test. Three-quarters of an hour later the blood pressure was 85/50 mm. Hg., and the pulse 130; 200 c.cm. of plasma were given into an arm vein in twenty minutes; after this she was quieter but still cold and cyanosed. She then became markedly restless, turning right over on to her face with sudden powerful heaving movements, but between the spasms she lay quietly. During a spasm the transfusion needle was displaced from the vein.
At the thirteenth hour the left internal saphenous vein was canalized and 150 c.cm. of plasma were given in thirty minutes, but her nose remained cold and her cheeks cyanosed. The blood pressure was 90/70 mm. Hg. Half an hour later she kicked the canula out of the vein; she was then so restless that it took two people to keep her in bed, and it was almost impossible to hold the leg still. She was very cold and cyanosed and seemed quite-unconscious of her struggling. The blood pressure was 90/65 mm. Hg. After some delay the canula was reinserted and the flow started with a two-way syringe.
BURNS AND SCALDS Fourteen and a half hours after the accident, after having received 500-600 c.cm. plasma (given mostly by two-way syringe because of marked venespasm) she was less cyanosed, the blood pressure was 105/70 and the pulse 120. At the fifteenth hour, after 1,000 c.cm. of plasma had been given, she was sleeping quietly and had had no further restless spasms; her cheeks and lips were pink, and the pulse easy to feel (rate 110). The blood pressure was 110/70 (sounds heard easily). Her nose and exposed hand were still cold, but the respirations were easier and less deep. When awakened she appeared rational and to be taking notice for the first time for several hours. Sixteen and a quarter hours after the accident she was sleeping quietly, but she had been-awake and talking sensibly. Her face was flushed and pink, and extremities warm (though her nose was still cool); the pulse was 120 and the blood pressure 130/85. The restlessness had quite gone although no sedative had been given.
Case 5. R. A., aged one and a half years, was admitted with' scalds involving about 10 per cent. of the body surface. They were cleansed and dressed under a general anaesthetic at 8.30 p.m. three and a half hours after the accident. He was very restless during the night until given 5 gr. potassium bromide and chloral, when he became very quiet with cold extremities and nose, and was noticed to be cyanosed.
When first seen eighteen hours after the injury he was pallid and cyanosed and his eyes a little sunken. He was sleeping, but awoke when disturbed and cried loudly. His extremities were cold in spite of hot bottles in the bed. He took a small drink but vomited immediately. The blood pressure was 100/65. The haematocrit was 46 per cent. (normal for age, 35 per cent.). At the twentieth hour an attempt to set-up an intravenous drip was unsuccessful. An hour and a half later he was very cyanosed and restless in spasms, and very cold. He did not appear conscious, but resisted interference. He stared, and did not blink at a light. The drip was started with a two-way tap,'and after 50-60 c.cm. it ran well. He then had several " turms " when his eyes turned up into the corners and the right arm was held stiffly and shaken backwards and forwards. His teeth were clenched and unclenched. He was taking no notice and breathing very noisily, and the whole picture suggested a fit.
By the twenty-fourth hour, after 300 c.cm. of serum, he was greatly improved. He was lying fairly quietly with his eyes closed. The cyanosis had practically gone; the face was still pale but the lips more pink. He felt'warm all over and his tongue was moist. The haematocrit had fallen to 32 per cent. By the twenty-seventh hour, after 450 c.cm. of serum, he was warm and flushed and quite rational. The blood pressure was 100/60. The pulse had risen to 180 and respirations to 60. The temperature was 990 F. He made a good recovery.
Case 15. M. S., aged five years, had 60 per cent. of her body surface affected by fourth-and fifthdegree burns when her clothing was completely burned off her. She was not resuscitated. On admission three and a half hours later she lay quietly in bed as though nothing had happened, showed no fear or apprehension, and appeared to have no pain at all. She was quite alert, answered questions, and allowed herself to be turned over and examined without protest. The distribution of the lesions was as shown in the photograph (Plate IV, fig. 3 a and b) and over the major part the skin was completely coagulated, dark brown, dry and leathery and insensitive to pricks. Beneath the skin there was obvious swelling due to exudation, especially marked over the chest and upper abdominal wall. A band of bright red third-degree burn at the edge was oozing freely. She kept asking for drinks which were vomited immediately. Her extremities were cold and cyanosed, her radial pulse impalpable, and the blood pressure unmeasurable, the latter probably because of the extensive exudation beneath the coagulated skin, the whole arm feeling stiff and rubbery with the tension. The heart sounds were clearly audible over the precordium, and the rate was 120-130. Mouth temperature was 960 F. Only 0 5 c.cm. of blood could be obtained from puncture of the internal saphenous vein at the ankle; then the vein collapsed and could not be refilled. There was haemolysis (plasma red) but the calculated haematocrit was 48 per cent. (Van Slyke sp. gr.
method.)
By five hours after injury she was drowsy and becoming unco-operative, but could be roused. Thirst was intense and she vomited everything. She was very cold and cyanosed, her heart sounds were only audible directly over the sternum, her breathing was deep and laboured, and she gasped when talking.
The optic fundi showed gross engorgement of the veins with dark blood; the arteries were still red but very narrow. She then became suddenly restless, moving up the bed and from side to side with considerable strength, then for a few moments lying still, apparently unconscious with eyes closed and deep respirations, then waking up again to demand a drink, trying to get out of bed, complaining of the cold, and so on. She was cold alD over and extremely cyanosed, with laboured respirations and marked air hunger. Even at this stage the dominant feature was thirst. She was 'given morphia, gr. 1/8, and rapidly became quiet and unconscious. She died six and a half hours after the accident.
The Phase of ' Toxaemia'
This phase is less well defined and established; it is made up of a group of signs which were related in time and frequency of occurrence, and may be related aetiologically. They were first seen towards the end of the first twenty-four hours after burning, and lasted for varying periods up to six or eight weeks. They did not seem to-be attributable either to fluid loss or to secondary infection, and indeed their rapid appearance and their gradual slow disappearance suggested the action of some chemical 'toxin '. They were seen only in certain cases, usually severe (burns and scalds), but some of the worst cases did not show them. They are: (a) sustained pyrexia; (b) increased depth and rate of respiration; (c) moderate, sustained hypertension; (d) drowsiness and signs of increased intracranial tension, with or without convulsions.
Pyrexia and respiration rate. The first two (a) and (b) were usually associated and it is possible that the hyperventilation was a direct effect of the pyrexia. The temperature showed a characteristic pattern, rising steeply to reach 1030 to 105°F. at the end of the first twenty-four hours, then falling very slowly to normal over a period of weeks. During this time a moderate swing within a range of 2-3°F. was present, but the general curve was remarkably steady. It differed from the pyrexia of secondary infection by the absence of marked irregular fluctuations and by its much earlier onset. Fig. 11 , C. R., shows its character well. The phenomenon was seen in twelve cases to a varying degree (numbers 5, 7, 10, 16, 18, 21, 22, 23, 24, 25, 27, 28, and 30) . They were all severe, ten burns and three scalds, but the latter showed considerable sloughing. In eight cases the pyrexia was associated with hypertension.
Hypertension. Hypertension (c) during plasma or serum administration was seen in twenty-two cases out of twenty-seven where readings were obtained. In fourteen of these, and in one case where no intravenous fluid was given, the hypertension was continued for varying periods up to several weeks after the resuscitation period. The height in each case is shown in table 3. As has already been stated, great care was taken to obtain readings at rest, and if the child was unco-operative readings were discarded. For this reason the duration of the hypertension in most of the cases is not known. During the third and fourth weeks the children became so afraid of being handled that the investigation had to be given up. Fig. 12, C. R., shows a typical course so far as it could be followed. Although the hypertension was most marked in cases where there was much sloughing, it was not an essential accompaniment of sloughing, nor did it subside as soon as the slo-ughs had separated. Its occurrence was not directly associated with depth and severity of lesion, for it was quite absent in cases 9, 10, and 12 (all 20 per cent. in extent) and confined to the resuscitation period in cases 11, 18, 29, and 31 (among which were one 20 per cent. and one 25 per cent. deep burn).
It seemed that there were at least three factors in the production of hypertension, reaction to plasma or serum given intravenously (this varying with the rate of administration), some unknown mechanism co-existing with sloughing of dead tissue but outlasting it, and an individual (presumably constitutional) liability. The latter was very definite and raises the interesting possibility of a connexion with the essential hypertension of adult life.
Drowsiness. The fourth manifestation (d), namely drowsiness and signs of increased intracranial pressure, was present in six cases (numbers 6, 7, 16, 20, 22, and 27) . All these showed the typical sustained pyrexia and all showed hypertension in the resuscitation period and later if they survived (with the exception of case 7, in which no readings were obtained: which is unfortunate as the picture in this case was very striking). They were all very severe cases, five deep burns and one bad scald, and all received intravenous plasma or serum.
The onset of the cerebral signs was fairly sudden, with loss of consciousness occurring between nineteen and thir-three hours from the accident, but ped byad a tendency to sleep for several hours. Periods of apparent coma, with stertorous breathing and lack of response to painful stimuli, alternated with lucid intervals or restless delirium; the depth of unconsciousness often showed marked and rapid fluctuations. Muscular rigidity and twitchings were seen, and in two cases epileptic convulsions. Cerebral oedema was considered to be the probable explanation of these phenomena. Lumbar puncture in two cases showed a high cerebrospinal fluid pressure (250 mm. and 360 mm.+ of cerebrospinal fluid) and in cases 6 and 20 (dying after five days and twenty-two hours respectively) necropsy revealed evidence of oedema of the brain; it was also seen at necropsy in cases 15 and 17, who died at six or seven hours without resuscitation. It is noteworthy that at the time of onset of the nervous symptoms all the cases showed a haematocrit value still above normal, and three showed clinical signs of reduced plasma volume; it does not seem likely, therefore, that the oedema could be attributed to overadministration of intravenous fluid. On the contrary its occurrence in cases where the circulation was unsatisfactory suggests that cerebral anoxia from undertransfusion may possibly be a factor in causation.
The duration of these nervous signs was usually only two or three days, and in no case exceeded ten days, thus differing from the pyrexia and hypertension.
Summaries of case histories illustrating the nervous phenomena are given below, and case 7 is described more fully.
Case 6. C. N., aged eight years, had 60 per cent. deep burns. This girl showed marked concentration of the blood on admission four hours after burning, but responded to intravenous therapy and after twelve hours was alert, rational, and co-operative. She became rather drowsy during the next twelve hours, then suddenly restless and irrational at the twenty-third hour. She was mentally confused and incontinent of urine during Case 20. J. P., aged ten years, had 50 per cent. deep bums, and moderate plasma loss on admission one and a half hours after injury, but the haematocrit rose steeply during the next hour. His blood pressure was 145/100 mm. Hg. before intravenous therapy. Resuscitation with intravenous plasma and saline was started and was maintained until death, but he was given insufficient quantities of fluid and his circulation was unsatisfactory for many hours before he died ( fig. 9 ). He became drowsy and difficult to rouse, but when awake he was rational and asking for drinks. At the nineteenth hour he suddenly took a convulsion which lasted for -five minutes; he recovered consciousness again but his respirations were deep and heavy. Three and a half hours later he was again mentally confused and resistant to handling and appeared about to take another convulsion. Lumbar puncture showed a pressure of 360 mm. of cerebrospinal fluid; between 6 and 7 c.cm. were removed slowly. Breathing ceased suddenly, was restarted again with artificial respiration, then ceased again, and he died twenty-three hours after his injury. At necropsy the brain showed a well marked pressure cone. At twenty-two hours he took a convulsion with tonic and clonic spasms. Shortly after this his blood showed some concentration but less than at twelve hours. His blood pressure was unobtainable because both arms were affected. After the convulsion he became comatose but his lips were pink. The right pupil was dilated and inactive, the left one small. There was intermittent tonic spasm of the left leg and the left plantar response was extensor. There was no neck stiffness. Twenty-five and a half hours after injury he was still comatose; he was relaxed most of the time but had short attacks in which he went -stiff and shook all over. Both pupils were large and inactive. The pulse rate had fallen to 110 but the temperature remained 1020F.
He took a second convulsion at the twenty-eighth hour. Two hours later he was quite comatose, with flaccid muscles and absent reflexes. Both pupils were dilated and inactive, and the respirations had become slow and irregular (16) (17) (18) (19) (20) Forty-six and a half hours after injury he opened his eyes in response to stimuli but would not speak. The pupils were inactive, the left knee jerk active and the right absent, and both plantars extensor. He remained in this semi-conscious state, not recognizing his parents but able to drink, for a further twelve hours. His skin was warm and dry; the cyanosis had gone; the temperature was 1020 F. -and the pulse 160.
After two and a half days he was conscious and resenting pricks. Both knee jerks were equal and active and both plantars flexor. The pupils reacted to light but the left remained larger. Haemoglobin was 10 g., temperature 1020 F., and pulse 160.
He was drinking well but passing very little urine. Two hours later he was again drowsy and taking no notice and the left plantar was extensor.-Next day he was conscious and talking, but very irritable. Both plantars were flexor, the left knee jerk + + and right +. His temperature remained 1020 to 103°F. On the fourth day he became very quiet again and was not drinking well. His face was flushed and he was found staring with noisy breathing, saliva dribbling from his mouth and rhythmic twitchings of his left face, hand, and arm. The legs were still, but the left knee jerk was increased and the left plantar extensor. The twitchings ceased after five minutes, and three hours later he was drinking again. Four and a half days from his injury he was drowsy and lay very still, but he was conscious and answered simple questions, and there was no spasticity of the limbs. He remained very apathetic and had a slow reaction time for another ten days or so, but ultimately made a very good recovery in four and a half weeks.
Phase of Secondary Infection and Wasting Wasting and secondary infection were of marked importance only in lesions covering over 20 per cent. of the body surface, but in these cases they remained an -ever-present problem. In this series bacterial infection usually became troublesome about the end of the second or third week and the B. pyocyaneus was a frequent offender. However, even under these conditions healing and skin grafting were not retarded, and it was difficult to know how much of the wasting should be attributed to bacterial infection, and how much to loss of 'purulent' material from a large granulating area.
The wasting, which tended to affect muscles even more than subcutaneous fat, was rapidly progressive in the severe cases, tending to become stabilized after four or five weeks but making no appreciable improvement until healing was well advanced. A proportion of the wasting can be attributed to the aversion from solid food shown during the first two or three weeks; during this period most of the children drank excessively, but unless they would take milk their calorie intake was very low. Later they usually ate very well and attained a high calorie intake for their age. If for any reason their morale failed, the appetite became very poor, and this was at any time an ill omen. It was noticed that appetite was often strikingly improved overnight by correction of anaemia with blood transfusion.
Anaemia of progressive character was seen in all severe cases, even where obvious secondary infection was not present. It was routinely corrected with blood transfusion. The most noticeable effect of anaemia appeared to be a lowering of morale, and of transfusion a raising of morale. The whole question of morale, which is probably the crux of the matter so far as management of this stage is concerned, can conveniently be considered here. As mentioned above, during the first two or three days it was very good. The children were co-operative, talkative, and cheerful. They did not voluntarily move about the bed but they did not mind being lifted, and they seemed to have little pain. It was, therefore, disheartening to find on the third or fourth day that they appeared to feel ill and to have much more pain and discomfort. From then on they became introverted and their illness was their primary concern and interest. They hated to be touched or moved, and cried whenever the bedclothes were taken down. Almost without exception in the bad cases, bedwetting commenced and became intractable-because they wished to avoid being lifted on and off the bedpan. Many of them became extremely quiet and would not answer when spoken to, often pretending to be asleep so that they would not be disturbed. Even among the older children, who would talk and smile quite naturally when undisturbed, fear of being moved was very obvious. Several small children used to howl continuously so-long as they were uncovered but would stop immediately and become quite talkative when the bedclothes were put back. In the early weeks the children usually slept a good deal, but lightly, and were readily awakened by noise or movement. They' dreamed and started in their sleep, often waking up screaming. One little girl woke up regularly crying out, 'Nurse, Nurse, put out the fire, quick.'
Enough has been said to indicate the profound emoti6nal upset which accompanies the physical illness, and the constant care which is required to ensure recovery. In more than one instance commencing dressings without anaesthesia caused an acute failure of morale with loss of appetite and rapid increase in wasting.
(The treatment of this phase will be dealt with later, see page 143.)
Miscellaneous Data Blood urea levels. These were followed constantly for the first few weeks, and in some cases for several months. The highest level in any case was 80 mg. per 100 c.cm., and increases were usually associated with inadequate fluid intake during the first fortyeight hours, or later with wasting. No case of death in uraemia occurred. Table 4 shows the highest levels reached in all cases.
Blood sulphonamide levels. These were followed in about half the cases. At first sulphanilamide and later sulphathiazole powder was used as a local application on the dressings. Generally speaking they were absorbed rapidly and freely during the first two days, and thereafter to a much smaller extent, i.e. absorption was high during the period of fluid loss. Before this was fully appreciated some high levels were obtained; notably in case 3 it reached 20 mg. per 100 ml. of blood within two hours of dressing and was still 18 mg. per 100 ml. fourteen hours later. This child vomited excessively and later had a small haematemesis. In case 5 the levelwas 26 mg. per 100 ml. fifteen hours after thefirst dressing. However, as soon as reasonable care was taken in the use of the powder no further trouble was experienced; only two readings above 8 mg. were obtained, and the average was below 4 or 5 mg. per 100 ml.
The Leucocyte count. This was followed in fourteen cases. Table 5 shows the highest count on the first, second, and third days. The peak was reached usually within the first twelve -hours. Thereafter there was a steady decline to about 8,000 to 10,000 after four or five days. Subsequent rises were found to correspond with secondary infection, but it seemed evident that the initial rise was a response to injury. In case 3 differential counts were done and showed a neutrophil response of 75 to 85 per cent., with a shift to the left most marked on the second day. Haematemesis. This was seen in cases 1 and 3. In case 1 it was associated with cyanosis and convulsions and untreated plasma loss, and in case 3 with vomiting possibly due to a high blood sulphonamide level. It was of mild degree, and the material was either black when vomited or turned so on standing.
Severe melaena with epigastric pain and sudden fall in haemoglobin from 83 to 55 per cent. was seen in case 27 on the fifth day. The epigastric pain continued for several days, but the melaena did not recur; the pain was relieved by alkalis and milk. This child died of wasting and bronchopneumonia after ten weeks, but the autopsy showed no evidence of gastric or duodenal ulceration.
Fluid intake and output. This was found difficult to measure because of unknown loss in the dressings and frequent bedwetting, and occasionally because of vomiting. Thirst was marked during the presence of haemoconcentration, but vomiting was often marked in this period, and in several cases the vomit was equal to the intake by mouth for the first forty-eight hours. In the later stages thirst was usually associated with high temperature, sweating, etc., and was otherwise not excessive. Where the urine output could be measured it was roughly half the total intake by mouth after the first three days. Before that it was-governed by the efficiency of intravenous therapy in restoring fluid lost from the burned area.
Examination of the urine. In most cases this showed nothing apart from a mild and transient albuminuria for a day or two. One child had a focal nephritis associated with wound sepsis which cleared up rapidly with penicillin, and another had haematuria after three months in bed and was found to have renal calculi, presumably due to stasis. However, in case 16 (deep burns 60 per cent.) the first urine passed, at twelve hours, was a dark red-brown colour, with a granular brown sediment (reaction acid, specific gravity 1020); albumin + ++ ; Guaiac test strongly positive. Microscopically there were no red cells but many granular casts and much granular debris, presumably haemoglobin pigment being excreted by the kidney after intravascular haemolysis. The plasma of the early blood samples in this case was pink-tinged.
Convulsions. These were seen in five cases. It appears that they may be symptomatic of circulatory inefficiency and anoxaemia from untreated haemoconcentration (cases 1 and 5), or of hypertension from plasma reaction (case 13), or of the cerebral disturbance found in the 'toxic ' phase (cases 7 and 20). The first type were seen frequently before the days of efficient resuscitation, but can certainly be avoided by proper treatment. In the second instance the hypertension was apparently precipitated by a too rapid administration of intravenous serum for the relief of marked plasma loss ( fig. 14, L. K. ). This will be mentioned again later (see page 148), but it was due to bad technique and could have been avoided.
The third type has already been discussed and must be regarded as symptomatic of the cerebral disturbance described above. Administration of oxygen or oxygen-carbon dioxide (95 to 5 per cent.) mixture was of value, and it may be advisable to transfuse enough plasma or serum to restore the haematocrit to the normal level, and so relieve any circulatory inefficiency, in spite of the apparent cerebral oedema.
Post-mortem Findings
Necropsy reports are available in all seven cases that died, and the findings are summarized below. The cases are grouped according to survival time.
Three cases died after five to six and a half hours; they had all very extensive deep burns and were not resuscitated in any way. These were: case 15, M. S., aged five years (60 per cent.); case 17, E. E., aged six years (75 per cent.); case 26, N. B., aged two years (60 per cent.).
The dura mater in cases 15 and 17 was tightly stretched, the surface vessels of the brain were intensely congested, and the convolutions were flattened, but there was no increase in the cerebellar cones. The yenous sinuses were engorged with dark fluid blood. Case 20, J. P., aged ten years, who had 50 per cent. very deep burns (electric and fire), died twenty-three hours after injury. (He was given intravenous plasma and saline, but insufficient to relieve the blood concentration; he became drowsy and irrational, had a convulsion, and died of respiratory failure after a lumbar puncture.) The brain weighed 1,400 g. (normal for age, 1,290 g.). The convexities showed slight convolutional flattening, the meninges were congested, and there was a wellmarked cerebellar pressure cone. The histological appearance was normal. The liver sinusoids were congested' but cells showed no necrosis or other change. There was increased consistency of the lungs with marked congestion and intra-alveolar haemorrhages.
The kidneys appeared macroscopically normal, but microscopically there was swelling of the glomeruli with narrowing of the glomerular space, the capillary loops being collapsed and empty, and the tubules showed cloudy swelling. There were a few c. Skin grafting in fourth-and fifth-degree lesions was commenced as soon as a clean-granulating surface could be produced, usually after six or seven weeks in an extensive area. Anaemia was fully corrected by blood transfusion before each grafting operation, and systemic penicillin was sometimes given for seven to ten days afterwards. In the later cases of the series 80 to 100 per cent. takes were obtained. The great difficulty lay in finding a sufficient donor area and in several of the children the calves were all that was available and they were used up to five times at three-weekly intervals.
Control of Secondary Infection and Wasting As already indicated, this was a complex problem and varying success was met with, usually depending directly upon the extent of the lesion. If, as is still the case in most hospitals, burns and scalds have to be nursed in general wards, the avoidance of a certain amount of secondary infection in severe cases (i.e. 20 to 40 per cent. of the body surface) appears practically impossible. In the later part of this series all the children were able to be nursed in single cubicles or two-bedded side wards, and they certainly did better. It should be noted, however, that a ten-day course of penicillin was given to many cases (a) on admission and (b) after each skin graft, and the relative effects of this and of the isolation have to be considered. Sulphonamides and penicillin were widely used both locally and systemically, and were of great assistance.
Pyocyaneus infection was troublesome but it did not appear to have much adverse effect upon the grafting. Applications of 0 5 per cent. solution of phenoxetol were used with success against this organism, but after several days of this treatment in case 27 phenol-like substances appeared in the urine, so judgment must be reserved as to its suitability:. Soap baths were also effective against the B. pyocyaneus. In the treatment of severe wasting the problem of feeding remains a difficult and all-important one. Apart from deficient intake there appears to be a greatly increased calorie requirement, and high protein diets have been widely advocated. To work out a satisfactory diet, however, and to persuade the child to take it, were two quite separate problems. Sufficient amounts of meat, beans, cheese, etc., were rarely tolerated and if pushed led to nausea and vomiting. Milk and egg shakes appeared the best solution, but they were only acceptable in large amounts to a few children among working-class children in this district milk is generally disliked (probably because they are unaccustomed to it), and to persuade them to take it was often impossible.
The inter-dependence of appetite, morale, anaemia, and secondary infection is very complex and of great importance in the successful management of this recovery phase; a deterioration in any one direction has adverse effects in the other three, and a vicious circle is readily set up; similarly, improvement in one direction leads to improvement in the others. Thus the avoidance of painful dressings by the use of general anaesthesia improves morale, appetite, and resistance to infection; and the relief of anaemia by fresh blood transfusion not only produces a striking improvement in the psychological condition but improves the appetite, reduces the liability to secondary infection, and is essential for successful skin-grafting. In After this she was cold, and the rate of the drip was increased so that she had a further 600 c.cm. serum between the eighth and ninth hours. She became warmer after 500 c.cm., but then the vasoconstriction returned and the blood pressure rose to 145/110. Eventually a compromise was struck, but the haematocrit remained on the high side for thirty-six hours. As it had been noticed that the hypertension subsided more rapidly when saline was given instead of serum, alternate 500 c.cm. of serum and saline were used. (The use of saline will be discussed later.) Case 13. A similar state was seen in case 13, L. K. (fig. 14) . This two-year-old child had second-and third-degree scalds over 20 per cent. of her body surface. The first haematocrit reading at six hours showed a deficiency of 30 per cent. of her total plasma volume; 150 c.cm. plasma had already been given intravenously, so the actual loss must have been considerably greater. After dressing under an anaesthetic (seven to eight hours) she showed clinical signs of increasing plasma loss, and, the rate of flow was speeded up at the tenth hour." Unfortunately no haematocrit readings were obtained during this period and treatment was guided by clinical criteria. The drip began to leak and 'had to be taken down, and there was a delay of one and a half hours before it was finally restarted. By this time the child was cold, cyanosed, and very restless and unco-operative, screaming and struggling during the venesection. The tissues were bloodless and the vein practically empty, and venespasm was so marked that considerable positive pressure (syringe and three-way tap) was required to start the flow; 300 c.cm. of serum was given in the next forty-five minutes (the total plasma volume at this age is about 500 c.cm.). The restlessness diminished but she remained cold and blue with pulse rate 160 and deep and rapid respirations. She then suddenly had a convulsion with generalized clonic spasms and vomited. After the fit the pulse rate fell to 104 per mtinute, she became warm all over, and the breathing became quiet and easy. No blood-pressure reading was obtained during the attack, but fifteen minutes later it was 115/75 mm. Hg. In the next fifteen minutes the heart rate rose to 200 and the blood pressure to 145/100, the extremities became cool, and the respirations grunting and distressed; she was noisy and irrational, and another convulsion was feared. However, the vasoconstriction again relaxed within five minutes, the skin becoming hot and the blood' pressure falling, but the heart rate remained 180 to 200. The drip had been continued at about 80 c.cm. per hour during this time;, at the thirteelath hour it was turned off completely and the child passed into a quiet sleep. It was then discovered that the rectal temperature was 105 . 60, which would explain the persistent tachycardia.
It seems likely that the above picture was the result of a reaction to plasma given too rapidly in an attempt to correct the concentration of the blood, which had been allowed to develop to a dangerous degree. In subsequent cases an attempt was made to estimate the rate of fluid loss from the circulating blood, and to calculate from this the total requirements for the first twenty-four hours. (The method of calculation has been explained on page 132.) In the last ten cases of the series intravenous therapy was based entirely on such calculations, and the results, both regarding the smoothness of progress and the state of the child at the end of twenty-four hours, showed a considerable improvement. The fluid already lost was given in addition to the calculated hourly requirement, over the first three or four hours of treatment. That is, if at the start of treatment there was a calculated deficiency of 400 c.cm. of plasma, and if the rate of loss was estimated at 80 c.cm. per hour, for the first four hours of treatment the rate would be 180 c.cm. per hour, and thereafter 80 c.cm. per hour. By spreading out the administration in this way, rathet than giving the 400 c.cm. rapidly at the start, plasma reactions of the nature of those described above were avoided. Table 6 shows the summarized data in twenty-four cases (data were inadequate in three cases and four cases were not resuscitated). It gives the results of calculations, the fluid actually given intravenously, and the haematocrit values after twenty-fbur and forty-eight hours. In making the calculations it was presumed (a) that the child had normal blood volume and haematocrit values for its age or size at the time of injury, (b) that the rate of fluid loss was fairly constant during the first twenty-four hours at least, (c) that no significant dilution from tissue fluids occurred if the haematocrit was kept at a reasonable level, and (d) that there was no significant loss of red cells from the circulation. It appears from the results obtained that these presumptions were permissible for the purpose of guiding treatment. Discrepancies occurred between observed and expected results and were seen particularly in cases 11, 14, 16, 23, 24, 27, and 28. In cases 23, 24, and 28, a normal haematocrit value at the end of twenty-four hours was obtained with considerably less transfusion than the calculated requirements. However, in none of th9m was the normal value reached under twenty-four hours, whereas in cases 25, 29, and 31, who were given the full calculated requirement, the normal' was reached six to nine hours sooner ( fig. 16 , L. L.). The shape of the curves suggest that in the first group the rate of fluid loss had decreased towards the end of the first twenty-four hours, rather than that the original estimation of loss was too high. The occurrence of such diminished requirement becomes evident from serial haematocrit readings during therapy, and the rate of flow can be adjusted where necessary.
In cases 14, 16, and 27 the calculated fluid 
